Yersinia enterocolitica, a causative agent of human acute and chronic gastroenteritis, septicemia, wound infections, and other clinical syndromes (7), was first described and named Bac- terium enterocoliticum in this laboratory in the 1930s (29) . Since then, recovery of this organism has been reported throughout the world, and a distinct geographical distribution of certain pathogenic strains has been demonstrated, particularly in Europe, Canada, Japan, and South Africa (7, 22) .
Because the organisms classified as Y. enterocolitica show different patterns of biochemical reactions, three schemes for dividing the species into biogroups were developed by Nil6hn (24) , Wauters (20) . Recently Brenner (9) , Brenner et al. (10) (11) (12) , Bercovier et al. (3, 4) , and Ursing et al. (34) proposed dividing these biogroups into a total of four named species and two additional unnamed groups, based on deoxyribonucleic acid hybridization and biochemical reactions.
The name Y. enterocolitica was retained for biochemically typical strains. The atypical Y. enterocolitica-like strains were assigned to three new species, Y. intermedia (10) , Y. frederiksenii (34) , and Y. kristensenii (4) , and two unnamed groups, Xl and X2 (3) .
Epidemiological study of human Yersinia infections has implicated water, animals, food, and other environmental sources as reservoirs of the organism, but the mode of transmission and the role of the atypical strains is not yet clear (2, 8, 13, 19) .
In the present study, Yersinia strains isolated in New York State were characterized, and correlations were made between strains isolated from humans and those isolated from environmental sources on the basis of their similar serogroups and biogroups.
MATERIALS AND METHODS Specimens: (i) Yersinia screening requested. Specimens submitted to be screened for the presence of Yersinia and received in our laboratory between October 1976 and December 1980 made up one part of this study. Included in this group were specimens collected during an outbreak of foodborne illness in 1976, which had been shown to be caused by Y. enterocolitica (6, 30) . Fecal specimens from humans or animals were submitted to our laboratory in either phosphate-buffered saline, pH 7.6, or 30% glycerol buffer. Milk, water, and other nonfecal specimens were received on ice. In some cases, bacterial isolates on agar slants were sent for identification, confirmation, (ii) Other human fecal specimens. New studies were designed to survey fecal specimens obtained from certain human populations and received in our laboratory for reasons other than Yersinia screening.
In the first group, three groups of human fecal specimens received in our laboratory (in 30% glycerol buffer) for routine Salmonella and Shigella screening were also screened for the presence of Yersinia. These groups consisted of 300 specimens received during the winter and spring of 1977 (30) Isolation. On receipt, each fecal specimen or fecal swab was plated on Endo, salmonella-shigella, and deoxycholate-citrate agars. After plating, a portion of each specimen or the entire swab was placed in phosphate-buffered saline, refrigerated at 4°C, and 3 weeks later transferred to the same three types of plates. To facilitate differentiation of Yersinia colonies, the deoxycholate-citrate agar was also prepared with the addition of 0.5% sucrose. The fornula used is similar to BBL Microbiology Systems' DCLS agar, which was also found to be satisfactory. The typical small Yersinia colonies appear dark red on this medium because of the fermentation of sucrose. This has been used in addition to the three above-mentioned primary plating media in this study since November 1979.
Milk and water samples were not plated when initially received. Milk samples were placed in cookedmeat medium and refrigerated at 4°C. Water samples were filtered through a 0.45-pm membrane filter (Millipore Corp.), which was then placed in cooked-meat medium and refrigerated. After 3 weeks of cold enrichment, these samples were inoculated on the same plating media as the fecal specimens.
All plates, whether inoculated directly or after 3 weeks of cold enrichment, were placed in a 25°C incubator for 48 h.
Identification. Small, round, translucent colonies were transferred to triple sugar iron (TSI) and urea agars. Isolates acid in both the butt and the slant of the TSI and urease positive, and isolates with typical colonial morphology giving either acid only in the butt of the TSI or urease-negative reactions, were further examined by biochemical testing.
Because of the number of biochemical tests required by the recently proposed species designation of this group of organisms and the various biogrouping schemes, each isolate was tested in 36 different biochemicals.
Five tests were performed at 25°C: lecithinase, methyl red, oxidation-fermentation lactose, o-nitrophenyl-fB-D-galactopyranoside, and Voges-Proskauer. Twenty-seven tests were performed at 35 to 37°C: arginine dihydrolase, esculin, gas from glucose, indole production, lysine decarboxylase, nitrate reduction, ornithine decarboxylase, phenylalanine deaminase, Simmons citrate, urease, and 17 carbohydrates (adonitol, a-methyl-D-glucoside, L-arabinose, dulcitol, D-glucose, isoinositol, lactose, maltose, D-manmitol, D-melibiose, D-raffinose, L-rhamnose, salicin, D-sorbitol, sucrose, D-trehalose, and D-xylose). Motility tests were performed both at 25 and 35 to 37°C. The hydrogen sulfide test was read from the TSI, and Pathotec strips were used for the oxidase test.
To determine the species of certain atypical strains, the following seven biochemical tests were incubated for as long as 2 weeks at both 25 and 35 to 37°C: amethyl-D-glucoside, lactose, D-melibiose, D-raffinose, L-rhamnose, Simmons citrate, and sucrose.
Use of 34 of these tests has been previously de- Biogrouping. Biogroups of the isolates were determined according to the schemes of Nilehn (24) , Wauters (Ph.D. thesis, 1970), and Knapp and Thal (20) . Isolates that differed by one or two reactions from the scheme patterns were assigned to the biogroup they most closely resembled.
Serogrouping. Isolates were serogrouped in our laboratory by slide agglutination. In the early part of the study, (Table 1) . This organism and the related species were isolated from 3.2% of the human specimens (2.1% when isolates of Y. enterocolitica serogroup 0:8 from the 1976 foodborne outbreak are excluded), from 6.6% of the animal specimens, from 2.5% of the raw milk samples, and from 23.6% of the surface water samples.
Human specimens. Table 2 shows Yersinia species isolated from specimens received for Yersinia screening and survey studies (as described in Materials and Methods). Of 22 Y. enterocolitica isolated from a survey study, one was serogroup 0:8, four were serogroup 0:6,31, and seven were other serogroups. Ten were nongroupable. All fecal swab specimens from children in daycare centers were negative for Salmonella, Shigella, and C. fetus.
Animal specimens. Yersinia species were recovered from 37 of 557 (6.6%) animal specimens (Table 1) . Nineteen of the 21 isolates from J. CLIN. MICROBIOL. (10) . In addition, we have found another biogroup, rhamnose and raffinose positive, melibiose and amethyl-D-glucoside negative (biogroup 4, Table  6 ). Our strains were negative for citrate utilization at 37°C, but those tested at 25°C were positive for this test. This criterion is useful for identifying rhamnose-negative strains of Y. intermedia (10) .
(ii) Serogroups. The serogroups of the Yersinia group of organisms had been established before determination of species was attempted. Therefore, the related Yersinia species were serogroupable with the same antisera as are used (2) . number of Y. enterocolitica strains isolated from humans had the identical biogroups (with all three schemes) and serogroups as strains isolated from animal and environmental sources ( Table 8 ). The American and Canadian strains were found only in human specimens. The isolates listed in Table 8 Geographic distribution. Figure 1 shows the statewide distribution of different species of Yersinia according to county and source of isolation. Selected serogroups implicated in human infections are also indicated. The Yersinia isolates did not show any particular distribution pattern within New York State. DISCUSSION Y. enterocolitica and related species are found in the gastrointestinal tracts of humans and animals and in the environment. In our study, 2.1% of the human fecal specimens (excluding positive human fecal specimens from the Oneida County outbreak), 2.5% of the raw milk samples, 6.6% of the animal fecal specimens, and 23% of the water samples contained Y. enterocolitica and related species. Of the Y. enterocolitica isolates from human specimens (excluding those from the Oneida County outbreak), 18% were American strain and 9% were Canadian strain. This, as far as we know, is the first documented isolation of the Canadian strain in the United States, although isolation of Y. enterocolitica serogroup 0:3 was reported on three previous occasions (5, 31, 35) . Two of these reports (5, 31) 
